Serum osteocalcin was measured in patients with idiopathic hypoparathyroidism or pseudohypoparathyroidism, before or during the treatment with active vitamin D3 (1,25(OH)2D3 or lcaOHD3).
In idiopathic hypoparathyroidism and pseudohypoparathyroidism, plasma 1, 25 (OH)2D is low (19) (20) (21) due to the lack of PTH or to the unresponsiveness of the kidney to PTH (22) (23) (24) , and active vitamin D3(1 ,25(OH)2D3 or I aOHD3) are administered (25) (26) (27) (28) as the treatment. Several reports proved that serum osteocalcin is low in hypoparathyroidism (7, 29) . To investigate the effect of active vitamin D3 on serum osteocalcin in idiopathic hypoparathyroidism, we compared serum osteocalcin levels in patients with idiopathic hypoparathyroidism before and during the treatment with active vitamin D3. Serum osteocalcin is increased in primary hyperparathyroidism (7, 30, 31) , but osteocalcin secretion by bone was decreased by PTH treatment in vitro and by infusion in vivo (32, 33) . Serum immunoreactive PTH is low or undetectable in idiopathic hypoparathyroidism but is increased in pseudohypoparathyroidism. In some patients with pseudohypoparathyroidism, bone is thought to be fully responsive to PTH even though the renal responses may be deficient (34, 35) . To clarify the effect of PTH on serum osteocalcin, we compared serum osteocalcin levels in idiopathic hypoparathyroidism with those in pseudohypoparathyroidism.
Methods
Subjects. We studied 11 patients with idiopathic hypoparathyroidism before treatment (6 men and 5 women, mean age 43±14.3 yr), and 25 with idiopathic hypoparathyroidism during treatment with active vitamin D3 (17 men and 8 women, mean age 46±14.9 yr). Of the latter patients, 12 were administered 1.7±0.75 Ag/d of 1,25(OH)2D3 and 13 were administered 3.8±0.87 ig/d of laOHD3. In seven patients, serum osteocalcin was measured before and during treatment.
We also studied 5 patients with pseudohypoparathyroidism before treatment (3 men and 2 women, mean age 35±13.5 yr), and 9 with pseudohypoparathyroidism during the treatment with active vitamin D3 (5 men and 4 women, mean age 36±12.5 yr). Ofthe latter patients, 5 were administered 1.1±0.22 ,tg/d of 1,25(OH)2D3 and 4 were administered 1.8±0.50 ug/d of laOHD3. In four patients, serum osteocalcin was measured before and during treatment.
The diagnosis of idiopathic hypoparathyroidism or pseudohypoparathyroidism was established by clinical symptoms along with hypocalcemia, hyperphosphatemia, low values of nephrogenous cAMP, serum levels of immunoreactive PTH, and urinary phosphate and cAMP responses to exogenous PTH (36) .
The doses of active vitamin D3 that would maintain the serum calcium in the normal range (8.4-10.2 mg/dl) were determined. The maintenance dose of 1,25(OH)2D3 in pseudohypoparathyroidism was not significantly lower than that in idiopathic hypoparathyroidism, but the optimal maintenance dose of laOHD3 in pseudohypoparathyroidism was significantly lower than that in idiopathic hypoparathyroidism (3.8±0.87 vs. 1.8±0.50 .g/d, P < 0.001).
The duration oftreatment after serum calcium reached the normal range was 4.7±3.53 (mean±SD) yr (range, 0.5-10.5 yr) in 25 patients with idiopathic hypoparathyroidism and 4.5±3.47 yr (range, 0.8-10 yr) in 9 patients with pseudohypoparathyroidism.
We also studied 68 normal controls, 36 men and 32 women, with a mean age of 39±16.5 yr. The normal subjects had no evidence of (38) , respectively. Glomerular filtration rate was assessed by creatinine clearance. Serum and urine creatinine were measured by Brod and Sirota's method (39) .
Differences between groups were analyzed by the unpaired t test. Correlations between the biochemical measurements were assessed by using linear regression analysis.
Results
The results are presented in Table I and in Figs. 1-3 . In idiopathic hypoparathyroidism before treatment, serum osteocalcin and plasma 1,25(OH)2D levels were lower than those in normal. subjects (2.8±1.27 vs. 6.2±1.93 ng/ml, P < 0.001; and 14.3±4.27 vs. 39.7±10.8 pg/ml, P < 0.001, respectively).
In idiopathic hypoparathyroidism, during the treatment with active vitamin D3, serum osteocalcin and plasma 1,25(OH)2D levels were higher than those in the patients before treatment (2.8±1.27 vs. 4.5±0.74 ng/ml, P < 0.001; and 14.3±4.27 vs. 25.7±5.69 pg/ml, P < 0.00 1, respectively). The level of serum osteocalcin during treatment was higher than that before treatment in all 7 patients studied before and during treatment. But serum osteocalcin was lower in 25 patients during treatment than in the normal controls (4.5±0.74 vs. 6.2±1.93 ng/ml, P < 0.001). In idiopathic hypoparathyroidism before or during the treatment, there was no significant correlation between serum osteocalcin and plasma 1 ,25(OH)2D.
In pseudohypoparathyroidism before treatment, the plasma 1,25(OH)2D level was lower than that in normal controls (15.6±10.6 vs. 39.7±10.8 pg/ml, P < 0.001) and was not significantly different from the values found in. the patients with idiopathic hypoparathyroidism before treatment. But serum osteocalcin was higher compared with the patients with idiopathic hypoparathyroidism before treatment (7.8±1.66 vs. 2.8±1.27 ng/ml, P < 0.001), and was not significantly different from the value in normal controls.
In pseudohypoparathyroidism during the treatment, but the serum osteocalcin value was higher than that in idiopathic hypoparathyroidism (6.8±1.47 vs. 4.5±0.74 ng/ml, P < 0.001). The serum osteocalcin value in pseudohypoparathyroidism during treatment was not significantly different from that in pseudohypoparathyroidism before treatment. There was no significant difference in serum osteocalcin before and during treatment in four patients with pseudohypoparathyroidism studied before and during treatment, either.
Serum total ALP was not significantly different among the four groups of patients and normal controls, and there was no significant correlation between serum osteocalcin and serum total ALP. Serum Ca and P concentrations in idiopathic hypoparathyroidism was not significantly different from those in pseudohypoparathyroidism either before or during the treatment. In idiopathic hypoparathyroidism before or during treatment, the coefficients of the correlation between serum Ca and serum osteocalcin, or between serum phosphate and serum osteocalcin were 0.459 (P < 0.01) and -0.515 (P < 0.01), respectively.
Serum PTH was increased in pseudohypoparathyroidism before treatment (0.70±0.34, vs. normal 0.5±0.13 ng/ml, P < 0.05). In pseudohypoparathyroidism during treatment, serum PTH was not affected significantly but it was lower than in pseudohypoparathyroidism before treatment. Glomerular filtration rates were not different among the four groups of patients.
Discussion
Osteocalcin is a unique osteoblastic product (3, 4) and serum osteocalcin is a sensitive biochemical marker ofbone turnover (7) (8) (9) (10) calcin in vivo (16) (17) (18) . In hypoparathyroidism, turnover of calcium is decreased in kinetic studies with labeled calcium (40) and in which serum osteocalcin is low (7, 29) . Plasma 1,25(OH)2D is also low in hypoparathyroidism before treatment (19, 20, 22) . In the present study, serum osteocalcin and plasma 1,25(OH)2D levels were significantly decreased in idiopathic hypoparathyroidism before treatment, and were significantly higher in cases during the treatment with 1 ,25(OH)2D3 or 1 aOHD3 than those in cases before treatment. These data were consistent with previous reports (7, (15) (16) (17) (18) 29) and indicated that 1,25(OH)2D3 and 1 aOHD3 (probably after 25-hydroxylation in the liver) increase circulating levels of osteocalcin in idiopathic hypoparathyroidism without PTH. But there is an important question. Though supraphysiological doses (28, 41) of active vitamin D3 were administered to patients with idiopathic hypoparathyroidism, serum osteocalcin in idiopathic hypoparathyroidism during the treatment was lower than in the normal controls. This may be due to lack of PTH in idiopathic hypoparathyroidism.
There is disagreement about the effect of PTH on osteocalcin synthesis and/or secretion. Serum osteocalcin is increased and is correlated with the serum levels of PTH in primary hyperparathyroidism (31) . But increased serum osteocalcin may not be solely due to increased serum PTH because circulating levels of 1,25(OH)2D are also generally high in primary hyperparathyroidism (42) . Several reports indicated the inhibitory effect of PTH on osteocalcin secretion by bone (32, 33) . It is important to separate the action of PTH and 1,25(OH)2D3 on osteocalcin secretion in order to establish the effect of PTH. In pseudohypoparathyroidism, serum PTH is increased (43) but plasma 1,25(OH)2D is low due to deficient responsiveness of kidney to PTH (23, 24) . Bone is thought to be fully responsive to PTH (34, 35) , in some cases with pseudohypoparathyroidism. We measured serum osteocalcin in pseudohypoparathyroidism to clarify the effect of PTH on serum osteocalcin and the responsiveness of bone to PTH in pseudohypoparathyroidism. Plasma 1,25(OH)2D levels in pseudohypoparathyroidism before treatment and in idiopathic hypoparathyroidism before treatment were similarly low, but serum osteocalcin in the former was within the normal range and was significantly higher than that in the latter. The optimal maintenance dose or minimum daily dose of active vitamin D3 was lower in pseudohypoparathyroidism than in idiopathic hypoparathyroidism, but serum osteocalcin was higher in pseudohypoparathyroidism during treatment than in idiopathic hypoparathyroidism during treatment. These results suggest that PTH may increase serum osteocalcin with or without a small amount of 1,25(OH)2D in pseudohypoparathyroidism before treatment, and that PTH may modulate the effect of 1,25(OH)2D3 on circulating levels of osteocalcin in pseudohypoparathyroidism during treatment with active vitamin D3. PTH concentration seems to be the important determinant of serum osteocalcin in pseudohypoparathyroidism and probably is such in primary hyperthyroidism as well.
In pseudohypoparathyroidism during treatment with active vitamin D3, plasma 1,25(OH)2D was higher than it was in pseudohypoparathyroidism before treatment, but the serum osteocalcin level was not significantly different from that in the latter. This may be due to the decrease ofcirculating PTH. But it has been reported that 1,25(OH)2D3 may decrease the sensitivity of bone cells to PTH by decreasing guanine nucleotide regulatory subunits (44, 45 In conclusion, our data showed that active vitamin D3, l,25(OH)2D3 and 1oaOHD3 (probably after 25-hydroxylation in the liver), increased serum osteocalcin in idiopathic hypoparathyroidism without PTH, and that PTH may increase serum osteocalcin and may modulate the effect of active vitamin D3 on serum osteocalcin in pseudohypoparathyroidism.
